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Chapter XIII
Towards a Development 
Approach to Serious Games
Sara de Freitas
University.of.Coventry,.UK
Steve Jarvis
SELEX.Systems.Integration.Ltd,.UK
Copyright © 2009, IGI Global, distributing in print or electronic forms without written permission of IGI Global is prohibited.
abstRact
This.chapter.reviews.some.of.the.key.research.supporting.the.use.of.serious.games.for.training.in.work.
contexts..The.review. indicates.why.serious.games.should.be.used. to.support. training.requirements,.
and	in	particular	identifies	“attitudinal	change”	in	training	as	a	key	objective	for	deployment	of	seri-
ous.games.demonstrators..The.chapter.outlines.a.development.approach.for.serious.games.and.how.
it.is.being.evaluated..Demonstrating.this,.the.chapter.proposes.a.game-based.learning.approach.that.
integrates.the.use.of.a.“four-dimensional.framework”,.outlines.some.key.games.principles,.presents.
tools.and.techniques.for.supporting.data.collection.and.analysis,.and.considers.a.six-stage.develop-
ment.process..The.approach.is.then.outlined.in.relation.to.a.serious.game.for.clinical.staff.concerned.
with.infection.control.in.hospitals.and.ambulances,.which.is.being.developed.in.a.current.research.and.
development	project.	Survey	findings	from	the	target	user	group	are	presented	and	the	use	of	tools	and	
techniques.explained.in.the.context.of.the.development.process..The.chapter.proposes.areas.for.future.
work	and	concludes	that	it	is	essential	to	use	a	specific	development	approach	for	supporting	consistent	
game	design,	evaluation	and	efficacy	for	particular	user	groups.
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IntRoductIon
The growing uptake of games and virtual world 
applications for supporting non-leisure purposes 
is leading to new studies which measure the ef-
ficacy of game-based applications, and compare 
the efficacy with face-to-face training approaches 
and other e-learning approaches1. This chapter 
is part of this body of knowledge developing to 
support the most effective design, development, 
selection and use of game-based learning applica-
tions. Towards this end, the chapter will introduce 
an approach to serious games development that 
includes a consideration of learning specifically 
aimed at supporting the real strengths of game-
based and immersive approaches to learning.
In previous studies undertaken by the authors, 
clear benefits of learning in immersive worlds and 
through 3D visualisations have been explored 
(e.g. de Freitas, 2006; de Freitas et al., 2006). 
These studies and meta-reviews have pointed 
to particular strengths of game forms as being: 
increased engagement and motivation of the 
learner, accelerated learning, better retention of 
learning over longer durations, and the promotion 
of attitudinal changes. It is the latter aspect that 
this chapter focuses upon, and the serious games 
development approach developed in the study out 
of experimental data emerging from the study 
aims to support or scaffold the most effective 
game-based approaches designed specifically to 
support attitudinal and behavioural changes.
That said it is clear that this is still a field at 
its beginnings and, as such, there is still a need 
to develop more tailored models, approaches and 
strategies to support the effective use of the forms. 
Therefore, it is important to position the work 
within the wider context of e-learning research as a 
whole, and with the study of pedagogic modelling 
in particular. This chapter then aims to provide a 
starting point for developers, designers, instruc-
tional designers, tutors and users aiming to engage 
with game-based learning in their practice. The 
chapter will provide a process for a game-based 
approach to attitudinal change, in particular in 
work-based learning contexts that may be used 
in different contexts. The process relies upon the 
use of the four-dimensional framework (4DF) 
(de Freitas & Oliver, 2006). The framework is 
being used for a serious games demonstrator in 
production which aims to help change the attitude 
of healthcare workers with respect to infection 
control in hospitals. This latter example provides 
the detailed case study to illustrate how the seri-
ous games development approach and process 
work in practice.
The current debate on when a training simula-
tion is a serious game or a serious game a train-
ing simulation will not be discussed here. The 
authors consider that in many cases, a particular 
serious game could be referred to as an immersive 
training simulation. It is possibly more useful to 
distinguish between training simulations and seri-
ous games by the level of adoption of the features 
that make a training solution more game-like 
(e.g. includes challenge, competition, reward, 
suspension of disbelief, etc) or more consistent 
with the definition of a simulation (e.g. based on 
a real-world model).
attItudInal InstRuctIon and 
seRIous GaMes
Why should serious games – or game-based 
learning – be considered as a suitable learning 
media and learning method to support attitudinal 
change? In this section, we define what we mean 
by attitude and briefly discuss instructional design 
for attitude change. We will look at the research 
evidence that games can be effective at changing 
attitude and discuss the game characteristics that 
are relevant to attitude change.
Attitudes are learned or established predispo-
sitions to respond to some object (Zimbardo & 
Leippe, 1991). They are evaluations of a person, 
behaviour, or event along a continuum of like-to-
dislike. An attitude can be considered as contain-
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ing affective, cognitive, and behavioural compo-
nents. For example, a positive attitude towards a 
nutritional need could be described by a feeling 
of hunger that is closely followed by the thought 
that ‘I am hungry, I should eat some food’, that 
leads to the action of preparing and eating some 
food. Kamradt & Kamradt (1999) have created 
a useful representation of the components of an 
attitude (Figure 1).
Concern over the environment and particular 
social issues is raising the importance in the me-
dia and government of the need to change public 
attitude and behaviour. In early 2008, the media 
has discussed the undesirable attitudes of young 
people to drinking alcohol, the use of recyclable 
plastic bags, staff hygiene practice in hospitals, 
and the use of mobile phones in cars. Attitudes 
are not directly observable, but associated ac-
tions and behaviours may be observed (Bednar 
& Levie, 1993).
Due to the limits of space, it is not possible 
here to discuss the many psychological theories of 
attitude change. However, Simonson and Maushak 
(2001) from their own research, and a review of 
other studies, have defined six guidelines for ef-
fective design of attitude instruction which are 
worth consideration with respect to attitudinal 
change:
1. Learners react favourably to mediated in-
struction that is realistic, relevant to them, 
and technically stimulating.
2. Learners are persuaded, and react favour-
ably, when mediated instruction includes 
the presentation of new information about 
the topic.
3. Learners are positively affected when per-
suasive messages are presented in as credible 
a manner as possible. 
4. Learners who are involved in the planning, 
production, or delivery of mediated instruc-
tion are likely to react favourably to the 
instructional activity and to the message 
delivered. 
5. Learners who participate in post-instruc-
tional discussions and critiques are likely 
to develop favourable attitudes toward the 
delivery method and content. 
6. Learners who experience a purposeful 
emotional involvement or arousal during 
instruction are likely to change their attitudes 
in the direction advocated in a mediated 
message.
According to Simonson and Maushak, the 
more guidelines that are included, the better the 
chances of influencing attitude change. In addi-
tion to this, Smith and Ragan (2005) have derived 
three critical instructional conditions for attitude 
change from their review of attitude learning:
1. Demonstration of the desired behaviour by 
a respected role model.
2. Practice of the desired behaviour.
3. Provide reinforcement for the desired be-
haviour.
It seems reasonable to assume that any game-
based learning intervention to help change at-
titude should take account of this research. We 
will return to these guidelines and instructional 
conditions for attitude change when we discuss 
our case study. Having provided a definition for 
Figure.1..Components.of.an.attitude:.example.of.
a.positive.attitude.to.a.nutritional.need
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attitude and introduced guidelines for instruc-
tional design for attitude change, we will now 
attempt to answer the question posed at the start 
of this section. Why should serious games or 
game-based learning be considered as a suitable 
learning media and learning method to support 
attitudinal change?
Simonson and Maushak (2001), in their re-
search of instructional technology, have found evi-
dence that ‘mediated instruction does contribute 
to desired attitudinal outcomes in learners, espe-
cially when the instruction is designed specifically 
to produce certain attitudes or attitude changes’ 
(p1013). This research has also established that an 
important quality of effective attitudinal instruc-
tion is the creation of an aroused state in the learner 
through emotional and cognitive involvement. 
Successful leisure-based video games create just 
such a mental state in the player.
Research conducted over 30 years ago by Liv-
ingston (1970) found that school boys’ attitudes 
to the poor were significantly more favourable 
after playing a simulation game called Ghetto 
than before. Similarly, more recent research un-
dertaken by Tumosa and colleagues (2006) claim 
that games are powerful instruments to change 
attitudes because they stimulate a desire to learn, 
and additional research demonstrates that games 
can be effective at helping change attitudes and 
behaviour. Furthermore, Hays has discovered em-
pirical support for the claims that games improve 
learner motivation and interest. His desk research 
found some evidence indicating that learners’ at-
titudes about the subject matter could be changed 
through the use of a game, although he primarily 
is citing research from the 1980s (Hays, 2005). 
An example of this is the research by Williams 
(1980) that produced mixed findings on simulation 
games changing attitudes, though he does state 
that ‘simulation games possess the potential to 
modify attitudes’ (p193). His research suggested 
that identification with role may have more effect 
than choice of psychological method for attitude 
change, though he admitted that more research 
was needed. Interestingly more recent research 
indicates similar findings (e.g. Francis, 2006a; 
2006b). Francis, in his study, found that students’ 
control over identification was a significant ac-
celerator for learning in game-based contexts. 
Another study by Williams and Williams (1987) 
involved 109 students randomly assigned to two 
experimental groups and one control group. The 
participants were required to read a short history 
of a fictitious conflict among four medieval nobles. 
Their research findings provided more evidence 
for the potential importance of role identification 
in game design for attitude change (Williams & 
Williams, 1987). Although in later research by 
Schumacher (1997), testing Williams’s hypoth-
esis that greater role identification would lead to 
greater attitude change, the same findings were 
not replicated. 
Interestingly, bearing in mind the importance 
of attitude change, particularly for effective train-
ing, Simonson and Maushak (2001) have found that 
there is a dearth of good instructional technology 
research on attitudes:
“It.is.obvious.that.attitude.study.is.not.an.area.of.
interest.or.importance.in.mainstream.instructional.
technology.research..Of.the.hundreds.of.studies.
published. in. the. literature.of.educational.com-
munications.since.1979,.fewer.than.5%.examine.
attitude.variables.as.a.major.area.of.interest.”.
(p996).
Our literature review of research involving 
serious games and attitude change that takes 
account of more recent research broadly has 
confirmed this finding. 
toWaRds a seRIous GaMe 
develoPMent aPPRoach
This section outlines a serious game development 
approach that has been developed in the course 
of the Serious Games – Engaging Training Solu-
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tions (SG-ETS) research and development project. 
This project was co-funded by the Technology 
Strategy Board’s Collaborative Research and 
Development programme and partly by SELEX 
Systems Integration (formerly VEGA Group PLC) 
and TruSim (a division of Blitz Games Studios), 
with academic partners from the Universities of 
Coventry and Birmingham. The work builds upon 
the four dimensional framework, standard devel-
opment approaches used in games development, 
and systems development and instructional design 
approaches used by SELEX Systems Integration 
to inform effective e-learning approaches and 
evaluation methods. 
Figure 2 represents a game-based learning 
development approach that is being used by the 
team for the serious game demonstrators. The 
approach combines the four-dimensional frame-
work with a six-stage user-centred development 
process produced from a comparison of the 
design approaches used for games development, 
systems development and training design. Under-
taken as part of the project, a literature review of 
game-based learning identified five game-based 
learning development principles which we used 
to assist us (a full database of related references 
is available at www.seriousgames.org.uk). These 
principles allowed us to form tools and techniques 
that were employed with the Triage Trainer dem-
onstrator (the first demonstrator produced by the 
SG-ETS project) and are being used to pilot the 
development of the infection control game (the 
second demonstrator being produced by the SG-
ETS project). The aims of the tools were to help 
us replicate the development process and assist 
us with evaluating the efficacy of the games. It 
is important to note that the approach posited 
here may be considered to be a specific instance 
of a more general approach to the development 
of any technology-based learning intervention, 
and, as such, builds upon the work of technol-
ogy-enhanced learning approaches (Lockee et 
al., 2004). 
The game-based learning development ap-
proach will now be described in more detail and 
then it will be discussed in relation to the case 
study in the next section. The figure below pro-
vides a schema of the serious games development 
approach used. Here, project time is represented 
in the right-hand column of Figure 2 as running 
from left to right. 
It is important to follow a game-based learning 
development approach for the simple reason that 
if a serious game, or any other learning interven-
tion, works we want to be able to replicate it to 
increase the possibility of future successes. And 
if a game is less successful, we want to be able 
to identify the weakness in the process so that 
lessons can be learned. There are many different 
design and development processes currently used 
in the training industry. The development process 
that is illustrated in Figure 2 has been derived 
from a review of current instructional design and 
game-based learning approaches (e.g. Kirkley 
et al., 2005, de Freitas, 2006). It also relates to 
previous development and design experiences on 
the part of the team (e.g. de Freitas et al., 2006). 
The process adopted reflects the current trend 
towards a more user-centred approach and a highly 
iterative development process that involves early 
testing of design concepts with the users through 
the development of pre-prototypes (Kirjavainen 
et al., 2006). This reflects the commercial impera-
tive to mitigate the risk of investing significant 
development effort that is not correctly aligned 
with the user requirements. The process is broken 
down into three areas: the processes of the design 
procedure, the principles guiding the development, 
and the tools and techniques used for implement-
ing the learning and evaluating it.
the Processes
The process begins once a business need has been 
identified. The first stage is to conduct analysis 
of the business, the people, the processes and 
the local environment to better understand the 
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user requirements. A solution is proposed in 
the Specification stage, where media, methods, 
time-scale and costs are identified. The evaluation 
strategy starts to be defined in parallel with the 
Specification stage. Once the client has authorised 
the project to proceed, the Design stage is where 
decisions are taken concerning the specifics of the 
solution. In a typical entertainment game devel-
opment process, this stage might be referred to 
as the pre-production phase. The Design stage is 
where instructional designers and game develop-
ers need to collaborate closely to ensure that the 
game design satisfies the requirements for level 
of engagement and also achieves the learning 
objectives and other user requirements. Pre-pro-
totypes are produced and exposed to a user group 
that provides feedback on elements of the design. 
The Development and Testing stage involves 
the production of the alpha and beta versions of 
the game and any required non-game learning 
material. Testing is ongoing as new features are 
developed. Wherever possible, user trials should 
be an iterative process as continued feedback is 
invaluable to the success of the finished product. 
The Learning Activity stage is concerned with 
the launch and implementation of the solution into 
the business, and should commence well before 
the game is complete. Evaluation of the game-
based learning solution is essential to determine 
whether the user requirements have been satisfied, 
to determine any need to make amendments, and 
to assess the effectiveness of the development 
process adopted.
the Principles
The key principles have been drawn from instruc-
tional theory and educational theory (e.g. Mayes 
& de Freitas, 2007), from game-based studies (e.g. 
Morris and Rollings, 2000), and from evaluation 
theory (e.g. Kirkpatrick, 1994). Notably, these 
principles are equally applicable to any technol-
Figure.2..Game-based.learning.development.approach
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ogy-based learning development project. The 
principles are fairly self-explanatory and further 
discussion of them will come when they are ap-
plied to the case study. There are several reasons 
for establishing such principles. Firstly, they 
help the development team keep in mind the key 
project success factors, thus minimising the risk 
of developing a serious game that fails to achieve 
the user requirements. Secondly, the principles 
imply the need for specific tools and techniques 
to satisfy each principle. These principles are 
dynamic and are being validated through the 
development of the serious game demonstrators 
and other game-based learning development proj-
ects. We would expect them to evolve over time 
from the analysis of effective and less effective 
serious game development projects. In Figure.2, 
the five principles are intended to indicate when 
they start to become relevant within the project 
development process. 
 To summarise these, the following five prin-
ciples have been identified for developing effective 
game-based learning solution:
1. Foster positive attitudes to games-based 
learning 
2. Only select games-based learning if the 
appropriate criteria are met 
3. Design the game to be easy to learn, be ap-
pealing to all sections of the target audience, 
and relate directly to the high-level learning 
objectives
4. Within the project team, include client 
stakeholders, who become involved in the 
design and testing of the solution 
5. Evaluate effectiveness of the learning solu-
tion for reaction, learning, change of job 
behaviour, satisfaction of organisational 
needs and return on investment 
The last principle should be done for all train-
ing programmes. It is often not undertaken for a 
variety of reasons, but is included here because 
games are in their infancy, and evaluation is im-
portant to provide the necessary evidence of the 
efficacy of game-based learning. 
The principle that states that games-based 
learning should only be selected if the appropri-
ate criteria are met, cannot be satisfied without 
knowledge of factors that determine when it is 
appropriate to use a serious game. As part of the 
SG-ETS project, research has been conducted to 
determine these factors, and tools have been cre-
ated to help in making the decision as to whether 
a game might be suitable. A tool has been devel-
oped to support a pre-analysis assessment of the 
applicability of a serious game to satisfy what is 
known about the user requirements at this stage. 
In Figure.2, this is referred to as the Pre-Analysis 
Game Assessment Tool. This tool is one example 
of a set of resources that support the effective de-
velopment of serious games. Figure.2.highlights 
other tools and techniques that will be described 
further in the context of the case study, but this 
is not a complete list of all the resources.
tools and techniques
To assist us with the process of developing seri-
ous games demonstrators, and to ensure that 
the process could be replicated, the team used a 
combination of available tools, frameworks and 
methods. One of these was the four-dimensional 
framework (4DF), a framework which was de-
veloped initially to support the selection and use 
of games in educational settings (de Freitas and 
Oliver 2006). For the purposes of the SG-ETS 
project, the team has extended the use of the 
4DF to assist the development process of the 
serious game, which we believe needs to involve 
the active participation of the learner group. The 
aim of using this framework was to support the 
use of the game in practice most effectively, and 
also to enable the research team to evaluate of 
the efficacy of the game (de Freitas and Jarvis, 
2007). The framework has also been used as a 
basis for analysing the user requirements most 
accurately.
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The 4DF includes the need to consider context, 
representation, pedagogy and the learner as part 
of the design process. In particular, in advance 
of developing a serious game, it is recommended 
that a detailed learning analysis be produced that 
sufficiently covers the four perspectives.
The analysis of learning context relates to 
the need to consider the place where learning is 
taking place, to consider the resources available 
and to consider the disciplinary context. In this 
way, a picture can be produced that allows us to 
understand where the training is taking place 
(e.g. in the workplace, in school, in a university, 
at home), what the available resources are (e.g. 
access to laptops, mobiles, technical support), 
and what the subject and content of learning will 
be (e.g. English, maths, professional skills). This 
information is critical to matching the best solu-
tion to support effective training.
The role of the representation in game-based 
learning is also central to the efficacy of the 
serious game. This is because the way that the 
learner or the learning content is represented 
can either support or detract significantly from 
the learning objectives and aims. In accordance 
with any good practice of training and learning, 
it is critical to align the learning outcomes and 
objectives with the practices of learning (Biggs, 
1999). The representational dimension of the 
model therefore, in relation to games, is complex 
in terms of application, and must include: consis-
tency in the environment, adequate and regular 
feedback to the learner, and an evaluation of the 
correct level of immersion that supports flow in 
the learning process (Csikszentmihalyi, 1992). 
In addition, this dimension may be supported 
through narrative structures (e.g. quests), relevant 
levels of fidelity that do not detract from the im-
mersion of the experience, and relevant levels of 
interactivity that facilitate learner control (e.g. 
Francis, 2006a; 2006b).
The third dimension that needs to be considered 
is the pedagogy used; in some cases this will be 
plural, and as in previous work it is important to 
be aware that learning using instructivist, con-
structivist and situative modes together can be 
very effective (Mayes and de Freitas, 2007). In 
some way, this area is the most interesting as well 
as challenging as it is still relatively untested as to 
which pedagogical models work best with which 
contexts, representations and learner groups. For 
example, the research team decided to adopt a 
task-centred approach to develop the first serious 
games demonstrator (Triage. Trainer) and that 
influenced the choice of an instructivist pedagogy 
for the game design and delivery. Preliminary trial 
results from the Triage Trainer game evaluation 
are showing significant performance improvement 
in some areas when compared to the control group 
that practised triage with the existing training 
method (results in publication). Results from the 
initial trials highlighted a potential issue with how 
feedback was being given that pointed to a lack 
of user involvement in the game design process; 
this was attended to by increasing the play levels 
of the serious game to ensure more regular feed-
back opportunities for the learners. This example 
shows that there are clearly indications that the 
pedagogies used to inform the design will have an 
impact upon the learning outcomes. But how far 
this can be controlled and supported, is a matter 
for ongoing consideration. 
The fourth dimension of the framework relates 
to the learner and the learner groups. As outlined 
above, we assert that in order to maximise the 
efficacy of the serious game, it is essential to 
profile the learner accordingly. For our research, 
supporting the Triage Trainer and the infection 
control games, we conducted a survey to gather 
information for this dimension. In the infection 
control game, for example, the learning needs 
were established using a combination of different 
methods of data collection including qualitative 
interviews, repertory grid analysis and DIF analy-
sis of the findings, and observations. Together, we 
were able to build up a detailed overview of the 
learner, and find ways to involve them in contrib-
uting to the study in more active ways.
The 4DF is represented in Figure 3.
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case study: a seRIous 
GaMe to chanGe attItude 
to InfectIon contRol
Together, the three aspects of the serious game 
development approach have informed the SG-
ETS project. The aim of the study is to develop 
effective serious games applications for solving 
significant business needs. The team has already 
completed the evaluation of the first demonstrator, 
which was developed for supporting the training 
of clinical staff arriving at a major incident where 
casualties need to be prioritised (Triage.Trainer). 
The case study that we will detail in this chapter 
identifies the significant issue around hospital 
infections and outlines the development approach 
and methodology being used to develop a serious 
game for training clinical staff.
By way of background for the study, between 
1993 and 2004 the rate of deaths from Staphy-
lococcus aureus (S.aureus) infection in England 
and Wales increased annually. The rate of deaths 
involving Meticillin-Resistant Staphylococcus 
Aureus (MRSA) in males increased to 20 per mil-
lion population in 2004, and in females the rate of 
deaths increased to 9 per million population. Most 
of the deaths involving S. aureus or MRSA were 
amongst older patients. Mortality rates in 2004 
for deaths involving MRSA - in the 85 and over 
age group - were 546 and 258 deaths per million 
population for males and females respectively 
(UK: Office of National Statistics). 
The SG-ETS research team has undertaken a 
significant study to investigate current training 
methods, and practices in hospitals and on am-
bulances. This has involved profiling the learner 
group and resulted in the creation of realistic 
scenarios that can be modelled into a serious 
game to support a blended learning solution. The 
analysis undertaken by the team identified the 
possible causes for nurses not adhering to policy 
at all times and one of main causes was the at-
titude of staff (paper to be published). 
application to case study
As part of the learner profiling, a Learner Ques-
tionnaire was developed to help profile the target 
audience and gather information about their 
game-playing habits and learning preferences. 
The application of this questionnaire to the target 
audience of healthcare workers revealed several 
interesting findings in the areas of computer 
anxiety, usage of computer games and preferred 
learning methods. The study surveyed clinical 
staff in two hospitals and one ambulance service 
in the north of England. 800 questionnaires were 
supplied for ward staff at the hospitals with a return 
rate of 18.5%. 300 questionnaires were distributed 
to the ambulance service with a slightly higher 
return rate of 25%. 
As part of the study, the survey work aimed 
to build a profile of the level of ICT skills and 
competencies, profile levels of familiarity with 
using games, and identify the types of games 
used, and the learning preferences within the user 
group. This is important information to consider 
in determining that a game is a suitable learning 
method to use and in influencing the design of the 
game to ensure that it is easy to use for this learner 
group.  89% of the sample was female and 11% 
was male, reflecting the user group demographics. 
Figure.3..Four-dimensional.framework
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Anxiety with using computers was much higher 
for females of all ages and highest with females 
over 40. Although this group uses computers both 
at home and at work, they tend to have limited 
experience with computer games. This group is 
generally enthusiastic about computers; however 
there is also anxiety about using them. On the 
other hand, males under the age of 30 tend to 
be confident computer users, experienced with 
computer games and are generally enthusiastic 
to using them for learning. However, they only 
represent 8% of the target audience.
Figure 4 illustrates the percentage of responses 
to the question as to whether the participants play 
computer games. The largest positive response 
came from males under the age of 30 (81%). This 
dropped to 26% for the female over-40 group. 
The frequency of game players is significantly 
affected by both age and gender. 
The survey also gathered information on 
learning methods with the most popular being On-
the-job (84%) and Tutor (68%). Figure 5 includes 
a breakdown of the preferred learning methods 
of females by age group.
The Learner Questionnaire has been a pow-
erful tool for profiling target audiences, provid-
ing essential information to inform the Learner 
Specifics dimension of the 4DF. It is perhaps not 
a surprise that the largest group of our target 
audience, the female over 40, plays games less 
often than other groups and reveals a greater 
level of anxiety to the use of computers. This is 
important information to consider in the design 
of the game, and provides further justification for 
actively involving representatives from the target 
audience in the design of the game at all stages. 
Principle 3 stresses the need for the game to be 
easy to learn and easy to use. This is particularly 
essential with a learner group that experiences 
some anxiety when thinking about playing a 
computer game. 
The study adopted a participatory design ap-
proach to the game design and development. This 
meant going further than surveying the target 
audience, and the team adopted an inductive ap-
proach to data collection, supplementing survey 
data with the use of repertory grid analysis, semi-
structured interviews, observations and focus 
group activities. The most appropriate methods 
to use for any learning needs analysis will depend 
on many factors, such as the business need and 
the organisational context. The purpose of the 
learning needs analysis and the human factors 
analysis is to establish the business and user re-
quirements related to the dimensions of the 4DF. 
The analyses for the case study confirmed that 
inappropriate attitude is a key factor influencing 
behaviour that constitutes transgressions of infec-
tion control policy, such as not washing hands or 
using alcohol gel when required. Other training 
Figure.4..Survey.responses.to.frequency.of.computer.game.play
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issues were also identified such as problems giving 
feedback on observed transgressions, particularly 
to more senior staff.
The Pre-analysis Game Selection Assessment 
Tool has been mentioned already, and this is based 
on the following influencing factors about when 
a serious game may be appropriate:
• Large target audience
• Crucial subject matter (i.e. serious health, 
safety and financial consequences from poor 
performance)
• Target audience less motivated to learn 
subject matter (e.g. as a consequence of the 
perception that the subject matter is dull)
• Type of learning suited to game-based learn-
ing (e.g. decision making, attitude change, 
team-working skills…)
• Where practice is important for task profi-
ciency
One of the assumptions made in this approach 
to game selection is that a game-based learning so-
lution will typically be more expensive to produce 
than many alternative training media and methods, 
such as classroom instruction or e-learning. This 
explains the need for a large target audience to 
lower the unit cost to train each individual using 
the game to a level comparable with other possible 
training media and methods. Another assumption 
is that a target audience less motivated to learn the 
subject matter may respond more favourably to the 
additional levels of engagement and immersion 
possible with game-based learning.
A Post-analysis Game Selection Tool has been 
developed to help in deciding whether a serious 
game is appropriate to satisfy any part of the 
identified learning need. There is currently a 
lack of research on when it is appropriate to use 
serious games. The SG-ETS project has as one of 
its main aims to address this deficiency. The Post-
analysis Game Selection Tool requires as input 
the information gathered from a comprehensive 
analysis of the business problem. This tool is 
similar to many other media selection tools that 
have been developed to support more effective 
decision-making on the choice of training media 
and methods. The uniqueness of this tool is in 
its focus on the factors that make a serious game 
potentially more appropriate than other possible 
training media. Validation of the efficacy of the 
tool can only come from the evaluation of the suc-
cess or failure of serious game projects that use 
this selection tool. A few of the questions in this 
spreadsheet-based tool that influence the decision 
to recommend a serious game are:
Figure.5..Learning.method.preferred.by.females.according.to.age.groups
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• How motivated is the target audience?
• How resistant is the target audience to 
games?
• What is the target audience’s anxiety level 
towards computers?
• How important is decision-making in the 
learning?
• How important is practice to the learning?
• How available are resources/equipment for 
training?
• How high a fidelity representation is need-
ed?
It should be evident that these questions could 
not be satisfactorily answered prior to the analysis. 
The Post-analysis Game Selection Tool was ap-
plied to the case study. The tool did recommend 
a serious game based on factors such as the large 
target audience, a learning goal of attitude change, 
motivational issues, and the health, safety and 
financial implications from poor performance.
The Specification stage for the case study 
involved the need for even closer collaboration 
between the instructional designers, game design-
ers and the users. These stakeholders each have 
an important role to play in determining the most 
appropriate training solution. This involved daily 
communication to exchange information and to 
share ideas.
The rapid prototyping development approach 
involves working closely with the target user 
group, including working with a focus group at 
all stages of the design process. This has allowed 
us to replicate more closely the conditions expe-
rienced in the work environment of the clinical 
staff, and has led to changes in the interface design 
accordingly, to create consistency with the user 
groups’ own experience in their environment. 
The approach is predicated upon the notion that 
the user will more readily use the game if it maps 
closely to their environment. The methods for sup-
porting this have been standardised focus group 
activities, comparative tasking and discussion 
sessions. The approach is loosely based upon the 
work of Allison Druin (Guha et al., 2004; Druin, 
2002), where children are treated as designers of 
multimedia outputs. While their approach focused 
more upon creative processes for supporting more 
effective design, our approach has been to adopt 
game-play approaches, allowing the user group 
to interact with different interfaces and using the 
observations of this to influence game design, 
interface design and game selection. 
A user group was formed of two infection 
control nurses and four nurses. It was thought 
that a larger user group would become more dif-
ficult to manage, and decision-making could be 
more protracted because of the increased risk of 
conflicting points of view. The two infection con-
trol nurses helped to define appropriate scenarios 
that represented high risks of transgression of 
infection control policy. The scenarios included 
the following:
• Patient vomits over bed
• Moving patient to an isolation room
• Giving a bed bath
• Changing a dressing
The previous analysis stage had also gathered 
information on the situations with the highest risk 
of cross-infection from policy transgression that 
was used to validate the choice of scenarios.
One of the main challenges at this stage of 
any game-based learning development project is 
managing the inherent complexity in the design 
decisions that need to be made. Questions that 
need to be answered involve the following: 
• What camera viewpoint to adopt?
• What level of fidelity is necessary? 
• Which platform?
• What is a realistic scope for the scenarios 
given the available resource?
• What is the role of the game within the 
learning intervention?
• What pedagogy should be adopted?
• What is the game concept?
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Attitude change along the lines of established 
infection control policy was the learning goal of 
the game and was identified in the Specification 
stage. The decision to focus the game on an initial 
target audience of nurses was made without the 
need for too much discussion, because the analysis 
was confined mainly to this target audience. The 
other questions were not so easy to answer. The 
most appropriate answer to one question was often 
at variance with the most appropriate answer to 
another question. 
For example, the camera viewpoint in the 
game is a critical design decision. The hospital 
observation had revealed the extent to which hy-
giene incidents could occur in one part of a ward 
and then, if unnoticed either by the individual 
concerned or his/her supervisor, potentially be-
come part of a cumulative infection problem. This 
suggested that a third-person viewpoint would be 
required so that the player could see this effect. 
The research conducted on the importance of role 
identification for attitude change in game-based 
learning might suggest that a more intimate first-
person viewpoint would be more appropriate. The 
initial user group workshop involved showing the 
users several different games with third and first 
person camera viewpoints. Several users gave the 
feedback that a high camera-angle made the them 
feel ‘uncomfortable’ and ‘queasy’. The eventual 
compromise decision that was agreed with the 
user group was to adopt a low camera angle in a 
third-person viewpoint. This decision will need 
to be tested as each scenario is incorporated into 
the game play to ensure that important actions 
and events in the game are not missed because 
they are out of view of the player. This example is 
just one of many design decisions that require the 
need to carefully weigh up conflicting informa-
tion. Ultimately, it is the user group that represent 
the users who will be playing the game, so their 
perspective is the most important to consider.
A Game Design Checklist tool was developed 
to help manage the complexity in the design deci-
sions by showing the relationships between factors 
affecting the game design. This tool helped to 
prepare the stakeholders for the design meetings 
so that everyone started the meeting with the 
same level of understanding of the design issues 
and relevant information from the analyses and 
the user group input.
User group workshops were scheduled on a 
regular basis as critical design decisions needed 
to be made or tested. Pre-prototypes were used to 
expose design options to the users so they could 
be given the required feedback to the design 
team. Figure 6 and Figure 7 show examples of a 
pre-prototype visualisation of the ward used to 
obtain feedback on the required fidelity.
A short extract from the dialogue between a 
game designer and a member of the user group 
(Nurse A) illustrates the process:
Facilitator (Game Designer): These images show 
different levels of fidelity for the ward. How do you 
feel about this? Which do you prefer, and why?
Nurse A (User Group Member): I prefer the 
higher fidelity with the crumpled sheets …. the 
other image is too white … not realistic … beds 
too stark … glaring in the eyes.
Figure. 6.. Pre-prototype. visualisation. of. ward.
with	low	fidelity
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Each user group workshop has helped to refine 
the game design and ensure that the design remains 
aligned with the user requirements.
A challenge for the game design was to deter-
mine how best to implement the guidelines for 
instruction for attitudinal change (Simonson and 
Maushak, 2001). The user group is playing a key 
role in ensuring that the game is realistic, relevant 
to them, technically stimulating and credible. 
The user group (representing the learners) is also 
actively involved in the planning, production, and 
delivery of the serious game. The game should 
provide purposeful emotional involvement and 
arousal. The game will be delivered on a laptop 
computer and played in a staff room close to the 
ward. This information was obtained from the user 
group. The aim is for the game to be part of the 
Trust’s organisational development programme 
with group discussion after playing the game (e.g. 
at the ward level). The one area that has been a 
challenge to incorporate into the game is the 
presentation of new information. The analysis 
showed that lack of knowledge of infection control 
policy was not a major issue.
The game concept that has been agreed with the 
user group involves a goal of the player perform-
ing everyday tasks whilst keeping infection at bay 
within a hospital ward environment by following 
best practice. From a learning perspective, the 
game shows what effect actions, and inactions, 
can have on infection within a hospital ward. The 
objective of the game is to achieve as high a score 
as possible by completing tasks correctly without 
transgressing hygiene policies.
The evaluation strategy is critical to the suc-
cess of the project and the game. Principle 5 states 
that the game-based learning solution should be 
evaluated for reaction, learning, change of job 
behaviour, satisfaction of organisational needs 
and return on investment (Kirkpatrick, 1994). 
The user group has helped determine what is 
measured relating to infection control on the 
ward and in the hospital that could be used in the 
trials (e.g. frequency of hand washing, monthly 
rates of MRSA and C. diff). Pre- and post-test 
questionnaires will measure any change in attitude 
of participants on the wards that play the game, 
compared to the participants on the wards that 
will form the control group.
fRoM seRIous GaMes 
develoPMent aPPRoach 
to an exPloRatoRy GaMe-
based leaRnInG Model 
foR attItudInal chanGe
The learning model that the authors are developing 
builds upon the experiential learning cycle pro-
posed by Kolb (1984) and aims to extend the Kolb 
cycle to include exploration as a critical concept 
within the learning cycle of game-play (de Freitas 
& Neumann, 2008). Exploration aims to present 
the learner with the key aspect of being able to 
explore an environment freely, thereby allowing 
for greater learner control over identity, content 
and communications, a characteristic particularly 
associated with effective game-based learning 
(e.g. Francis, 2006 a,b). Exploration provides the 
additional dimension of the virtual environment, 
and exploratory learning therefore has a different 
emphasis than purely experience-based learning 
conditions.
Figure.7..Pre-prototype.visualisation.of.ward.at.
a	higher	fidelity
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The exploratory game-based learning model 
being developed as part of this project builds upon 
this work, and is testing the validity of exploratory 
learning as a distinct learning aspect of learning 
with games and simulations. Critically, argued 
for here is a new model for supporting effective 
learning and game design that may incorporate 
the processes, principles and tools and techniques 
outlined. The 4DF approach which considers the 
learner, the context, the representation and the 
pedagogic approaches taken, needs to be linked 
with the user-centred process model of develop-
ment that adopts participatory design approaches. 
In this way, the central principles of game design 
and the tools and techniques for supporting the 
design process, including methodologies and data 
collection approaches used, can be integrated 
together. 
aReas foR futuRe WoRk 
and conclusIon
Preliminary findings emerging from the research 
are indicating that this serious games development 
approach is supporting effective learning design 
with serious games. We believe that further analy-
sis of the study outcomes will serve to validate 
this approach. Future work for the team will focus 
upon refining and testing the model presented here. 
The aim is to contribute a body of evidence-based 
work that can forge serious games as a distinct 
academic discipline that draws from a range of 
methods and disciplines. The work has already 
begun but we have a lot more to do to begin to fill 
in the gaps in our knowledge. New approaches 
to the field may aim to capture more empirical 
evidence around identification, such as the role of 
learner authoring and the efficacy of using games 
for supporting behavioural changes.
To conclude: it is vital to use a specific de-
velopment approach for supporting consistent 
serious game design, for evaluation and to ensure 
efficacy. It is important to involve users in the 
design process to ensure the efficacy of the game. 
While learners may not use serious games in the 
ways we are accustomed to in e-learning systems, 
the critical aspect is the exploratory element of 
learning with games. We are working to try to 
understand this more fully, and the exploratory 
learning model we are evolving will be a key step 
along this path.
This study is revealing that the development of 
these tools and techniques is essential for serious 
game development due to high costs, and is also 
indicating the importance of flexibility in terms 
of scenario editing and development, allowing 
tutors and learners to create learning experiences 
more easily. The work emerging from this study 
will present developers, instructional designers 
and learners with the tools they need to develop 
immersive learning experiences, and the work is an 
important aspect for forming a distinct academic 
practice around serious games.
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endnote
1 For example, one of the authors, Sara de 
Freitas is involved in one study that com-
pares face-to-face with game-based learn-
ing: the Interactive Digital Media-funded 
Serious Games Exposed project (www.
seriousgames.org.uk).
